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METHOD FOR PREPARING
BARIUM-FERRITE-COATED yFE,03; MAGNETIC
POWER

BACKGROUND OF THE INVENTION

The present invention relates generally to a method
for preparing a vy-Fe;O3z magnetic powder, and more
particularly to a convenient method for preparing a
cheaper needle-shaped y-Fe,O3 magnetic powder with
a Ba-ferrite coating.

Magnetic recording is widely used in the computer-
related products, such as magnetic tapes, and audio/v-
ideo recording tapes. In prior audio applications, the
y-Fe;03 having a coercivity of 200-400 Oe is generally
used. In prior video applications, the Co-y-Fe;O3 hav-
ing a coercivity of 600~-800 Oe is generally used. How-
ever, the Co-y-FeyO3 is unsuitable for high density
recording because its coercivity cannot reach as high as
1500 Oe as required for high density recording pur-
poses. For the demand of the new generation of particu-
late high density recording materials, such as in video
and data storages, the magnetic powder having higher
coercivity and smaller particle size needs to be studied
and developed. Ba-ferrite magnetic powder is a candi-
date taken into consideration for those purposes (with
respect to which reference is made to M. P. Sharrock,
MRS Bulletin, Vol. XV, March 1990, P. 53).

However, the above-mentioned particulate recording
media have the following drawbacks:

(a) The temperature coefficient of coercivity of the
v-Fe>O3 with cobalt additive is very high. In A.
Eiling’s article, IEEE Trans. Magn., MAG-23, No.
I, P. 16(1987), it is disclosed that the temperature
coefficient of coercivity of the vy-Fe;O3 (with
Hc=650 Oe) with an outer cobalt coating is
—0.46%/° C. while the temperature coefficient of
the y-Fe;O3 (with Hc=700 Oe) with cobalt addi-
tive 1s —0.71%/° C. In M. P. Sharrock’s article,
IEEE Trans. Magn., MAG-25, P. 4374 (1989), it is
disclosed that the temperature coefficient of coer-
civity of the +y-FeyO: with cobalt additive is
—1.00%/° C. while the temperature coefficient of
the y-Fe>O3 with an outer cobalt coating is from
—0.2 to —-0.5%/° C.

(b) The metallic powders have a serious dispersion
problem, and are easily suffered from oxidation and
corrosion, resulting in instability of properties.

(c) The coercivity of the Ba-ferrite magnetic powder
1s too high, usually 4000-5000 Oe. The lowering of
the coercivity thereof by dopants also lowers the
saturation and residual magnetization thereof. In
addttion, there also is a dispersion problem.

The present invention intends to alleviate the draw-
backs of the high temperature coefficient (from —0.2 to
—1.0%/" C.) and low coercivity (under 1000 Oe) of the
conventional needle-shaped y-Fe,O3; with cobalt addi-
tive (or with an outer cobalt coating).

SUMMARY OF THE INVENTION

The primary objective of the present invention is to
provide a method for preparing a barium ferrite-coated
v-Fe O3 magnetic powder, which can significantly
lower the temperature coefficient of coercivity of the
v-Fe;O3 magnetic powder.

Another objective of the present invention is to pro-
vide a method for preparing a specific y-FeyO3 mag-
netic powder, which can significantly increase the coer-
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2

civity of the y-Fe;O3 magnetic powder by coating with
barium ferrite.

Yet another objective of the present invention is to
provide a method for preparing a cost-effective -
FesO3 magnetic powder coated by barium ferrite.

In accordance with the present invention, a method
for preparing <y-Fe>O3; magnetic powder includes the
following steps: (a) letting an iron-containming solution
undergo a reaction to precipitate a needle-shaped a-
FeOOH precipitate; and (b) dipping the a-FeOOH
precipitate into a barium containing solution in.a prede-
termined ratio, (c) fittering without washing then dry-
ing the precipitate, and (d) heat-treating the precipitate.

In accordance with one aspect of the present inven-
tion, the iron-containing solution may be a FeCl; solu-
tion of about 0.5M, and the step (a) can be a step of
utilizing a NaOH solution to precipitate the a-FeOOH
from the iron-containing solution.

In accordance with another aspect of the present
invention, the NaOH solution is an aqueous solution of
about 2.5M, and the iron-containing solution and the
NaOH aqueous solution are mixed speedily in substan-
tially equal volume. The step (a) further includes sub-
steps of introducing an air bubble during the mixture of
the iron-containing and the NaOH solutions for about
200 minutes in order to precipitate the needle-shaped
a-FeOOH, washing the a-FeOOH powder with a de-
ionized water, and filtering and stoving the a-FeOOH
powder.

In accordance with yet another aspect of the present
invention the barium-containing solution may be a Ba(-
NOj3); solution of about 0.1-0.3M, and the volume of
the Ba(NO3); solution is adequately selected to let the

Fe/Ba mole ratio of the a-FeOOH powder be about
from 8 to 50, preferably about from 10 to 44. The step

(b) includes sub-steps of applying an ultrasonic vibra-
tion at about 25° C. for about 20 minutes, and then

filtering without washing and stoving the needle-shaped

barium-bearing a-FeOOH magnetic powder.

In accordance with further aspect of the present in-
vention, the stoved barium-bearing a-FeOQOOH powder
1s further undergone a first heat treatment process of
heating at about 810°-890° C., preferably at about
840°-880° C., in air for about 1-16 hours, preferably
about 4-14 hours. The resultant phases after the first
heat treatment process include Ba-ferrite magnetic
phase, and a-Fe;O3 phase. The method of the present
invention further includes a second heat treatment pro-
cess, following the first heat treatment process, of being
reduced at about 280°-270° C., preferably at about
300°-350° C,, in a flowing gas of hydrogen and nitrogen
(being 1:1) and being saturated with water vapor at a
rate of 1 to 15 mil/min, preferably 2 to 9 mi/min, for
about 0.5-3 hours, preferably about 1-2 hours. The
method of the present invention further includes a third
heat treatment process, following the second heat treat-
ment process, of oxidation at about 330°~-390° C., pref-
erably at about 340°-380° C,, in air for 1-5 hours, pref-
erably 2-3 hours. The finally obtained magnetic powder
after the third heat treatment process has a coercivity of
about 330-3600 Oe, a saturation magnetization of about
47-70 emu/g, a squareness ratio of about 0.46-0.61 be-
fore being magnetically aligned, a particle size of about
100-200 nm, an aspect ratio of about 3-8, and a tempera-
ture coefficient of coercivity of about from —0.07 to
—0.1%/° C., and includes the y-FejyO3 phase and the
Ba-ferrite magnetic phase. The coercivity and satura-
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tion magnetization of the finally obtained magnetic
powder can be modified by the adjustment of Fe/Ba
ratio and/or the conditions of the first, second, and
third heat treatment processes.

The present invention can be more fully understood
by reference to the following description and accompa-
nying drawings, which form an integral part of this
application: |

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an X-ray diffraction pattern of a powder
obtained after the first heat treatment according to the
present invention;

FIG. 2 1s an X-ray diffraction pattern of a powder
obtained after three heat treatments according to the
present invention;

FI1G. 3 1s a coercivity-temperature diagram of a mag-
netic powder according to one embodiment of the pres-
ent invention;

FIG. 4 is a coercivity-temperature diagram of a mag-
netic powder according to another embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention combines the characteristics of
the vy-Fe;O3 and barium ferrite magnetic phases to-
gether. The temperature coefficient of coercivity of the
barium ferrite which is coated on the surface of ¥-
Fe 03 1s positive, and thus can compensate the negative
temperature coefficient of the y-Fe,O3 to significantly
lower the entire temperature coefficient of coercivity.
The high coercivity (higher than 4000 Qe) characteris-
tic of the barium ferrite can also significantly increase
the entire coercivity.

The method for preparing a barium ferrite- coated
v-Fe2 O3 magnetic powder according to the present
invention includes the following steps: (a) letting an
iron- containing solution undergo a reaction to precipi-
tate a needle-shaped a-FeOOH precipitate; (b) dipping
the a-FeOOH powder into a barium-containing solu-
tion to form a predetermined Fe/Ba ratio: (c) filtering
without washing and stoving the precipitate; and (d)
heat-treating the precipitate to form a needle-shaped
v-Fe20O3 magnetic powder with barium ferrite coated
on its surface. In the step (a), a 2.5M NaOH solution
may be added to let the iron-containing solution un-
dergo the precipitation reaction, and the iron-contain-
ing solution may be a 0.5M FeCl; solution. The two
solutions are speedily mixed in equal volume at room
temperature, and an air bubble is introduced therein for
the solutions to react for 200 minutes so as to precipitate
the needle-shaped a-FeOOH phase precipitate. The
a-FeOOH precipitate is cleaned up with a deionized
water, filtered, and stoved. The powder is then dipped
in a Ba(NO3); aqueous solution having a concentration
of 0.1-0.3M, and the volume of the aqueous solution is
adequately selected to let the Fe/Ba mole ratio thereof
be from 8 to 50, preferably from 10 to 44. Then, an
ultrasonic vibration is applied to the powder-containing
solution to facilitate the reaction at 25° C. for 20 min-
utes, filter the powder without water cleaning, and
stove the powder.

The above resultant powder is subjected to a first
heat treatment process of calcining at 810°-890° C.,
preferably at 840°-880° C., in air for 1-16 hours, prefer-
ably 4-14 hours. The phases of the powder after the first
heat treatment process include the Ba-ferrite phase and
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a-Fe>O3 phase, as shown in FIG. 1. The powder is
further subjected to a second heat treatment process of
being reduced for the a-Fe;O3 at 280°-360° C. prefera-
bly at 300°-340° C,, in a flowing gas of hydrogen and
nitrogen (being in a ratio of 1:1), and being saturated
with water vapor at a flow-rate of 1to 15 ml/min, pref-
erably 2 to 9 ml/min, for 0.5-3 hours, preferably 1-2
hours. Then, the powder 1s subjected to a third heat
treatment process of being oxidized at 330°-390° C,,
preferably at 350°-380° C., in air for 1-5 hours, prefera-
bly 2-3 hours.

The finally obtained powder has a coercivity of
330-3600 Oe, a saturation magnetization of 47-70
emu/g, a squareness ratio of 0.46-0.61 before being
magnetically aligned, a particle size of 100-200 nm, an
aspect ratio of 3-8, and a temperature coefficient of
coercivity of from —0.07 to —0.1%/° C.

The powder after the third heat treatment process
includes the y-FeyOs; phase and Ba-ferrite magnetic
phase, as shown in FIG. 2. The coercivity and satura-
tion magnetization can be modified by adjustment of the
Ba/Fe ratio and/or the conditions of the heat treat-
ments.

It can be appreciated from the above description that
the present invention only needs simple equipments, and
can prepare a barium ferrite-coated y-Fe>O3 magnetic
recording medium having a better performance than
other y-Fe>O3 based media prepared by prior art.

In order to further understand the barium-ferrite-
coated needle-shaped y-FeyOs magnetic powder, sev-
eral examples are described hereinafter.

EXAMPLE 1

Speedily mix a 0.5M FeCl; solution with a 2.5M
NaOH aqueous solution in equal volume at room tem-
perature, and introduce the air bubble therein for the
solutions to react for 200 minutes so as to precipitate a
needle-shaped a-FeOOH phase precipitate. Then, wash
and dry the a-FeOOH precipitate. Dip the obtained
a-FeOOH powder of 0.5 g in a 0.3M, 50 ml Ba(NO3);
aqueous solution, apply an ultrasonic vibration thereto
for 20 minutes, filter it, without washing and stove it.
Then, the obtained powder is subjected to a first heat
treatment process of being calcined at 860° C. 1n air for
12 hours. The resultant powder has a saturation magnet-
1zation of 46.8 emu/g, a coercivity of 5530 Oe, and a
squareness ratio of 0.50. The resultant powder is sub-
jected to a second heat treatment process of being re-
duced at 350° C. in a flowing gas of hydrogen and nitro-
gen (being in a ratio of 1:1), and being saturated with
water vapor at a flow-rate of 8 ml/min for 1 hour, and
then a third heat treatment process of being oxidized at
350° C. in air for 2 hours to obtain a barium-ferrite-
coated, needle-shaped y-FeyO3 magnetic powder. The
obtained magnetic powder has a saturation magnetiza-
tion 62.6 emu/g, a coercivity of 2700 Oe, and a square-
ness ratio of 0.48 before being magnetically aligned.

EXAMPLE 2

As 1 example 1, only the concentration of the Ba(-
NO3)2 solution is changed to 0.28M, and the processing
steps are kept unchanged. The resultant powder after
the first heat treatment process has a saturation magneti-
zation of 29.6 emu/g, a coercivity of 4700 Oe, and a
squareness ratio of 0.51. If the conditions of the second
and third heat treatment processes are kept unchanged,
the thereafter obtained barium-ferrite-coated, needle-
shaped y-Fe;O3 magnetic powder has a saturation mag-
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netization of 46.4 emu/g, a coercivity of 3600 Oe, and a
squareness ratio of 0.49 before being magnetically
aligned. If the temperature of the second heat treatment
process 1s changed to 360° C. (by keeping the third heat
treatment unchanged), the saturation magnetization will
be 52.8 emu/g, the coercivity will be 2920 Qe, and the
squareness ratio before being magnetically aligned will
be 0.48. If the temperature of the second heat treatment
process 1s changed to 370° C., the saturation magnetiza-
tion will be 47.2 emu/g, the coercivity will be 3200 Qe,

and the squareness ratio before being magnetically
aligned will be 0.50.

EXAMPLE 3

As 1n example 1, only the concentration of the Ba(-
NO3); solution is changed to 0.26M, and the processing
steps are kept unchanged. The resultant powder after
the first heat treatment process has a saturation magneti-
zation of 34.5 emu/g, a coercivity of 5400 Qe, and a
squareness ratio of 0.52 before being magnetically
aligned. If the reaction temperature of the second heat
treatment process is changed to 360° C., and the other
conditions are kept unchanged, the obtained barium-fer-
rite-coated, needle-shaped y-Fe;O3 magnetic powder
will have a saturation magnetization of 62.8 emu/g,
coercivity of 870 Oe, and a squareness ratio of 0.43
before being magnetically aligned. The relat10nsh1p
between its coercivity and temperature is shown in
FIG. 3, and its temperature coefficient of coercivity is
—0.1%/° C. If the temperature of the second heat treat-
ment process 1s changed to 370° C., the saturation mag-
netization of the obtained powder will be 54.5 emu/g,
the coercivity will be 950 Oe, and the squareness ratio
before being magnetically aligned will be 0.49.

EXAMPLE 4

As m example 1, only the concentration of the Ba(-
NO3)2 solution 1s changed to 0.25M, and the processing
steps are kept unchanged. The resultant powder after
the first heat treatment process had a saturation magnet-
1zation of 30.0 emu/g, a coercivity of 4050 Oe, and a
squareness ratio of 0.51 before being magnetically
aligned. If the conditions of the second and third heat
treatment processes are kept unchanged, the obtained
barium-ferrite-coated, needle-shaped y-Fe>O3 magnetic
powder will have a saturation magnetization of 54.6
emu/g, a coercivity of 1500 Oe, and a squareness ratio
of 0.48 before being magnetically aligned. If the temper-
ature of the second heat treatment process is changed to
360° C., the saturation magnetization of the obtained
powder will be 66.3 emu/g, the coercivity will be 840
Oe, and the squareness ratio before being magnetically
aligned will be 0.47. If the temperature of the second
heat treatment process is changed to 370° C., the satura-
tion magnetization of the obtained powder will be 56.9
emu/g, the coercivity will be 1060 Oe, and the square-

ness ratio before being magnetically aligned will be
0.48.

EXAMPLE 5

As 1in example 1, only the concentration of the Ba(-
NO3)2 solution is changed to 0.2M, and the processing
steps are kept unchanged. The resultant powder after
the first heat treatment process has a saturation magneti-
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magnetic powder will have a saturation magnetiaction
of 47.9 emu/g, a coercivity of 1300 Oe, and a squareness
ratio of 0.50 before being magnetically aligned. If the
temperature of the second heat treatment process 1s
changed to 360° C,, the saturation magnetization will be
69.6 emu/g. the coercivity will be 370 Oe, and the
squareness ratio before being magnetically aligned will
be 0.48. The relationship between its coercivity and
temperature i1s shown in FIG. 4, and its temperature
coefficient of coercivity is —0.07%/° C.

EXAMPLE 6

As in example 1, only the concentration of the Ba(-
NO3); solution is changed to 0.1M, and the processing
steps are kept unchanged. The resultant powder after
the first heat treatment process has a saturation magneti-
zation of 16.2 emu/g, a coercivity of 5300 QOe, and a
squareness ratio of 0.48. If the conditions of the second
and third heat treatment processes are kept unchanged,
the obtained barium-ferrite-coated, needle-shaped <y-
Fe;O3 magnetic powder has a saturation magnetiaction
of 56.3 emu/g, a coercivity of 570 Oe, and a squareness
ratio of 0.61 before being magnetically aligned. If the
temperature of the second heat treatment process is
changed to 360° C., the saturation magnetization will be
62.7 emu/g, the coercivity will be 330 Oe, and the
squareness ratio before being magnetically arranged
will be 0.46.

While the invention has been described in terms of
what are presently considered to be the most practical
and preferred embodiments, it is to be understood that
the invention needs not be limited to the disclosed em-
bodiments. On the contrary, it is intended to cover
various modifications and similar arrangements in-
cluded within the spirit and scope of the appended
claims, the scope of which should be accorded the
broadest interpretation so as to encompass all such mod-
ifications and similar structures.

What we claim is:

1. A method for preparing a barium-ferrite-coated
v-Fe,O3 magnetic powder comprising the following
steps:

(a) letting an iron-containing solution undergo a reac-
tion to precipitate a needle-shaped a-FeOQOH
phase powder;

(b) mixing said a-FeOOH powder with a barium-con-
taining solution to obtain a barium-bearing a-
FeOOH powder;

(c) filtering and stoving said barium-bearing a-
FeOOH powder;

(d) subjecting said stoved barium-bearing a-FeOOH
powder to a first heat treatment of calcination to
obtain a powder containing a barium-ferrite phase
and a a-Fe;O3 phase;

(e) subjecting the resultant powder of step (d) to a
second heat treatment to reduce said a-FeyOj
phase of said powder to a Fe34 phase; and

(f) subjecting the resultant powder in step (e) to a
third heat treatment to oxidize said Fe304 phase of
said powder to a y-Fe;O3 phase.

2. A method as claimed in claim 1, wherein said iron-

containing solution is a ferrous chloride solution of
about 0.5M.

3. A method as claimed in claim 1, wherein said iron-

zation of 26.1 emu/g, a coercivity of 5100 Qe, and a 65 containing solution is a ferric chloride solution of about

squareness ratio of 0.52. If conditions of the second and
third heat treatment processes are kept unchanged, the
obtained barlum-ferrite-coated, needle-shaped y-Fe;O3

0.5M.

4. A method as claimed in claim 1, wherein said ‘y-
Fe;O3 magnetic powder is needle-shaped.
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5. A method as claimed in claim 1, wherein the step
(a) includes a sub-step of utilizing a NaOH solution to
let said iron-containing solution precipitate said a-
FeOOH needle-shaped phase powder.

6. A method as claimed in claim 5, wherein said
NaOH solution is an aqueous solution of about 2.5M .

7. A method as claimed in claim 5, wherein said iron-
containing solution and said NaOH solution are rapidly
mixed.

8. A method as claimed in claim 7, wherein volumes
of said iron-containing solution and said NaOH solution
are substantially equal.

9. A method as claimed in claim 8, wherein the step
(a) further includes a sub-step of introducing air bubbles
during a mixing of said iron-containing solution and said
NaOH solution for about 200 minutes in order to pre-
cipitate said needle-shaped a-FeOOH powder.

10. A method as claimed in claim 9, wherein the step
(a) further includes sub-steps of cleaning up said a-
FeOOH powder with deionized water, and filtering and
stoving said a-FeOOH powder.

11. A method as claimed in claim 1, wherein said
barium-containing solution is a Ba(NOj3); solution of
about 0.1-0.3M.

12. A method as claimed in claim 11, wherein a vol-
ume of said Ba(NO3); solution is adequately selected to
let a Fe/Ba mole ratio of said a-FeOOH powder be
about from 8 to 50.

13. A method as claimed in claim 12, wherein the
Fe/Ba mole ratio is from about 10 to 44.

14. A method as claimed in claim 1, wherein the step
(b) includes a sub-step of applying an ultrasonic vibra-
tion at about 25° C. for about 20 minutes to said needle-
shaped barium-bearing a-FeOOH powder.

15. A method as claimed in claim 14, wherein said
first heat treatment process of calcination is conducted

at about 810°~890° C. 1n air for about 1-16 hours.
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16. A method as claimed in claim 15, wherein said
first heat treatment process is conducted at about
840°-880° C. in air for about 4-14 hours. |

17. A method as claimed in claim 16, wherein the
resultant powder after said first heat treatment process
includes a barium-ferrite magnetic phase, and an a-
FeyO3 phase.

18. A method as claimed in claim 17, wherein said
second heat treatment process is conducted at about
280°-370° C. in a flowing gas of hydrogen and nitrogen,
being in a volume ratio of 1:1, and being saturated with
water vapor at a rate of 1to 15 mil/min for about 0.5-3
hours.

19. A method as claimed in claim 18, wherein said
second heat treatment process is conducted at about
300°-350° C. in said flowing gas at a flow rate of about
2 t0 9 ml/min for 1-2 hours.

20. A method as claimed in claim 19, wherein said
third heat treatment process is conducted at about
330°-390° C. in air for 1-5 hours.

21. A method as claimed in claim 20, wherein said
third heat treatment process is conducted at about
340°-380° C. in air for about 2°~3 hours.

22. A method as claimed in claim 20, wherein the
finally obtained magnetic powder after said third heat
treatment process has a coercivity of about 330-3600
Oe, a saturation magnetization of about 47-70 emu/g, a
squareness ratio of about 0.46-0.61 before being mag-
netically aligned, a particle size of about 100-200 nm, an
aspect ratio of about 3-8, and a temperature coefficient
of coercivity of about —0.07 to —0.1%/° C., and in-
cludes a y-FeyO3 phase and a Ba-ferrite magnetic phase.

23. A method as claimed in claim 22, wherein coer-
civity and saturation magnetization of the finally ob-
tained magnetic powder is modified by adjustment of a
Fe/Ba ratio thereof.

24. A method as claimed in claim 23, wherein coer-
civity and saturation magnetization of the finally ob-
tained magnetic powder is modified by adjustment of
conditions of said first, second, and third heat treatment

PYOCESSES.
X XX *x ¥ x
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